It has long been known that certain inorganic ions, especially cations, are capable of antagonizing other ions in their toxic action on microorganisms.1 )2) As an example, K+ has been reported to be capable of reversing the growth-inhibitory effect of Na+ on certain bacteria3) and fungi.4) These observations seem significant in food preservation by applying NaCl, because K+ is originally present to varying degrees in various foods.5) However, in general, the antagonistic effect of K+on NaCl is not potent. In contrast, we found that K+fairly well reversed the antimicrobial effect of combinations of NaCl with ethanol and/or perillaldehyde (a component of perilla oil). This paper describes the results of the antagonistic effect ofK+ on NaCl and on combinations ofNaCl, ethanol and perillaldehyde in the growth inhibition of air-borne microorganisms and purely cultured fungi.
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Incubation of microorganisms was at 27°C throughout. The control and basal medium for the antimicrobial assay was 2% glucose Sabouraud agar (formula: glucose 2g, peptone 1 g, agar 1.5g, and redistilled water 100ml, pH 6.4). This medium contained 8.8 ppm of potassium as determined by atomic absorption spectrophotometry, and i t supported normal growth of all the purely cultured fungi listed in Table I . All of these fungi showed visible growth on this medium at 27°C within 24hr after inoculation. The growth-inhibitory effect on purely cultured fungi was assayed on slants. A ten-day-old culture of each fungus was used as an inoculum for control and test media. The duration of inhibition of fungal growth on the test media was taken as a relative measure of the antifungal effect. Whether fungal growth occurred or not was determined macroscopically.
The growth-inhibitory effect on air-borne microorganisms was assayed by an agar plate technique. The agar plate mediumwas exposed to air for 20min, and then the medium-containing Petri dish was tightly sealed and incubated for more than 10 days. The number and size of resulting colonies were taken as a relative measure of the antimicrobial effect. In order to examine the antagonism of K+ to Na+, chloride salts of these cations were employed. NaCl, at a concentration of 2.0m, was moderate in its growth-inhibitory effect on most of the purely cultured fungi employed, and at 3.0 m it was considerably potent in this effect. NaCl at 4.0 m inhibited the growth of all the fungi for more than 20 days. As shown in Table I Recently Kurita et al.6~S) reported that lower concentrations of NaCl (3~7%),. ethanol (3%) and certain essential oil components (0.5~1.0mM) exhibited in combination potent synergistic antimicrobial effects while any one of them alone was only moderate or very weak in this effect in the sameconcentration range. Wealso examined the antagonism of K+ to the antifungal effect of combinations of these substances. The results are presented in Table II . K+, in a wide range of concentration (up to 125 mM), moderately alleviated the growth-inhibitory effect of 1.0m NaCl combined with 3% (by volume) of ethanol or 0.5mM perillaldehyde for most of the fungi employed, and also reversed the inhibitory effect of 0.5 m NaCl combined with both 3% of ethanol and 0.5mM perillaldehyde for all the fungi except Fusarium graminearum (W38). K+ was not capable of antagonizing ethanol or perillaldehyde in this respect (data not shown).
In the inhibition of the growth of microorganisms (bacteria and fungi) contaminating from air, the reversal effect ofK+ (up to 250him) on 1.0 and 2.0m NaCl was only modest or very weak. K+ at any concentration failed to exhibit a noticeable antagonistic effect on 3.0 m or more NaCl in this regard. In addition, K+ failed to noticeably reverse the growth-inhibitory effect of ethanol (up to 10%) and perillaldehyde (up to 2.0 him). In contrast, when lower concentrations (up to 1.0m) of NaCl were applied in combination with ethanol or with ethanol and perillaldehyde, K+ fairly well reversed the growth-inhibitory effect of certain combinations of these substances. Figure 1 shows a representative experiment in which the combination of 0.5m NaCl, 2% ethanol and 0.5mM perillaldehyde was very potent in the growth-inhibitory effect on contaminating air microorganisms. However, the addition of 10mMKC1to this combination resulted in a considerable reduction in the magnitude of the antimicrobial effect. These observations, together with the results obtained with the purely cultured fungi, should be kept in mind in certain cases of food preservation.
